Research quality data from geotechnical tests conducted at the designated National Geotechnical Experimentation Sites (NGES) are currently available in a database accessible through the Internet. The data include general site information, stratigraphy, laboratory and in situ test details. The database is structured to follow the rules of Relations Database Management Systems (RDBMS). The database resides in a Unix based Sun Solaris server and the database engine is Sybase RDBMS. The NGES database user interface query application has been developed for the Internet using Java as the programming language and runs under any Internet capable browser. The application uses Java applets to communicate with the database server. The interface comes with user-friendly query capabilities along with graphic display of various results in tabular and chart forms. The user community includes researchers, students, and practicing engineers in geotechnical and geo-related fields.
INTRODUCTION
The National Geotechnical Experimentation Sites (NGES) database development effort started immediately following the recommendations from the first NGES workshop at the University of New Hampshire (Benoît and de Alba, 1988 ) with a view to providing a central data repository for the data acquired at the NGES sites. The current database available on the Internet is designed as a user-friendly system shell, with searching and data retrieval capabilities for essential information about the test sites, such as generalized soil conditions and representative soil properties, list of available test data with the actual data for each test, site logistics, conditions and services, published references with abstracts, and other pertinent information. The database has been updated with data supplied by the site managers and site users. Due to the continued need to update the data and adapt the data structure to evolving test requirements, it has become necessary to redesign the database. A relational format and a maintenance application was designed which allow updating and viewing the NGES database, including various graphical capabilities, directly via the Internet without the need to download an applications program. This paper retraces the development of the NGES database and presents the Internet user interface to query the NGES database.
RELATIONAL DATABASE AND DATA DICTIONARY
The NGES database had to be designed to accommodate various soil types and testing methods. Consequently, a data repository was needed to disseminate the resulting data to interested users. The data repository was originally conceived as a database that could be distributed to users in an electronic format such as floppy diskettes. As a result, data requirements such as type of data for each test were gathered and a comprehensive data dictionary was developed which contained over 1000 unique parameters (database fields). The data and the fields were defined and modeled after existing standards and databases such as those drawn up by the Association of Geotechnical Specialists (AGS, 1992) in the United Kingdom for their electronic transfer of geotechnical data in ground investigations. The formatting of the NGES data was meticulously devised based on the actual test results, available ASTM standards and from advice from various experts in laboratory and in situ testing. Numerous iterations of this process have resulted in the data dictionary in its current format. An example data dictionary format for the Standard Penetration Test is shown in Appendix A. The NGES data dictionary was designed to provide research quality information to the users. The AGS system is a more streamlined system for use by consultants and contractors to develop proposals and bids and thus does not contain the same level of details needed for the NGES.
The initial NGES database development was designed in DBase, which was the Database Management System (DBMS) prevalent at that time and which ran under the DOS operating system. However, there were some drawbacks in this design. The NGES database was designed as a procedural system because at that time relational database format was only available for UNIX systems. This meant among other factors, that there was data redundancy. Also, because the data integrity was not monitored it could not be guaranteed. With time, new tests and additional information were added and the database grew to nearly 200 procedural tables, some of them redundant. The development of the data dictionary was helpful in providing the site managers with a consistent means of entering data into the database. This process, although standardized for each test and for all sites, was difficult to implement and control because it allowed the data to be entered using various word processors and spreadsheet programs. More importantly, blank spaces and lines had to be inserted where data was not available which led to numerous errors and omissions from data suppliers. Consequently, the data was then entered into the database either erroneously or in incomplete form. A front-end data maintenance application was never developed to make changes to the data in the database.
In order to view the data, a query module was developed within the DOS environment (Benoît et al., 1994) . With the advent of the Windows operating system, a new query module for Windows was developed to view the data in a user-friendlier environment. However, the data management system was not updated. Both the DOS and Windows query modules were stand-alone programs requiring all the data to be installed on the users computer. This led to numerous problems and conflicts with different operating systems and configurations.
Meanwhile, test data from various sites were being transmitted to the NGES database administrator. The new data could not be added to the database in the absence of the data maintenance application. For this reason, the data were saved for future inclusion into the database. To ensure a more complete and consistent data entry procedure, a series of Excel spreadsheet macros for each laboratory and in situ test was later created allowing test data and information to be processed accurately and easily. Along with developing the macros the required data about each test was reviewed and updated to allow more flexibility and improve the information on existing laboratory and in situ tests. With these changes, the data files created using the macros were no longer compatible with the existing database files. As a temporary measure these templates were distributed via the web site and used to insert or view new NGES data not included in the database. An example showing how data entry is performed using the Excel spreadsheet templates is shown in Appendix B. Also shown in Appendix B is a table providing a list of the available spreadsheet templates.
Over the last several years, the computing industry has overhauled itself with the introduction of powerful hardware and versatile software. The Internet has become the wave of the future with a significant portion of computer applications being developed for the Internet. The database management systems have moved along with these new capabilities and incorporated relational formats.
Due to these recent advances in computer technologies, the NGES database was restructured using a relational format for the data management and an Internet user interface developed using Java for access by the users. This interface allows the user community, which includes researchers, students, and practicing engineers in geotechnical and other geo-related fields, access to the NGES database. Data from the sites include the general site information, detailed stratigraphy, extensive laboratory and in situ testing results. A significant amount of data has been gathered over the last decade as a result of various research efforts. The latest version of the data dictionary was used to develop the web-based NGES database.
RELATIONAL DATABASE AND USER INTERFACE DEVELOPMENT
The DBase NGES database had become obsolete and there was a need to upgrade this database to the RDBMS and make it available on the internet. This involved the following tasks:
1)
Design the NGES database in relational format (RDBMS).
2)
Transfer data from DBase database to the relational database.
3)
Develop a front-end database maintenance application for use on the Internet to add, modify, or delete data exclusively by the individual site managers.
4)
Develop a front-end database query application for use on the Internet for public use with graphic display capabilities.
The NGES relational database design and the user interface applications are discussed herein.
NGES Database: Relational Design
The tables from the original DBase database were redesigned to satisfy the RDBMS resulting in the total number of database tables to be reduced from about 180 to 90. This new relational database resides in a SYBASE SQL Server operating under UNIX environment. The location of the server is at the Federal Highway Administration Turner-Fairbank Highway Research Center (T-FHRC) in McLean, Virginia.
For each NGES site, the test results are divided into either laboratory or in situ test. Consequently, every test is assigned a database table with the database fields representing the test data. All these tables are in-turn tied to a test hole or an in situ borehole. The simplified structure of the database is shown in Figure 1 .
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NGES Database User Interface Applications
In the past, a computer application was either distributed as a standalone application or a client-server application. This involved physically installing either the entire application (standalone) or the client application (client-server) on the user's computer. The application would be operating system dependent. The Internet based development changed all this. In an Internet browser environment, the user does not have to worry about the operating system nor the application installation. This reduces a major burden of troubleshooting the client side installation in case of any problems. Sometimes, it may not be possible to replicate the client side problems and may not be feasible to provide the troubleshooting help to the client.
Because of these above factors, the entire computing arena is slowly shifting towards the Internet based development.
The NGES user interface applications were designed for the Internet environment. The applications are intended to run within any Internet browser and under any operating system. To accomplish this, Java (Sun Product) was chosen as the development language of choice for programming. The applications reside on the SUN UNIX server at the T-FHRC. The server has its own IP address and is connected to the Internet.
The server is periodically backed up and is administered for various tasks. Any corrupt data is immediately fixed and the computer support engineers at the T-FHRC carry out periodic maintenance.
To maintain and access the NGES data, two user interface applications were designed and developed for the Internet. First, the database user interface maintenance application to add, modify, or delete data for exclusive use by the individual site managers. Second, the database query application with graphic capabilities for public use. The maintenance application is presented elsewhere (Satyanayarana et al., 2000) .
NGES Database User Interface Query Application
One of the objectives of this paper is to provide detailed information regarding the user interface query application. Accordingly, this paper presents the information on the use and access of the query application.
Entering the IP address or the domain name provided by the FHWA in the user's browser can access the user interface. The initial screen (Figure 2 ) appears inside the browser. Once the user clicks on the QUERY DATABASE button, a new screen (Figure 3 ) appears as a separate frame outside the browser. This screen contains multiple tabs with numerous user selections. Each tab is based on the specific search requirement. For instance, the first tab contains the US State names where the current NGES sites are located. The user can select any state (or a combination of states) and the results at the NGES sites in that state appear in the subsequent screen. Similarly, the user can query based on the other selections in the different tabs (Soil Type, Soil Properties, Laboratory Tests and In Situ Tests). The user may not know if the NGES site in a specific state has any data that is entered into the database. So, there is an additional option, which allows the user to view all the NGES sites where test data is available. For this paper, this option is selected and the SEARCH button is pressed.
The next screen ( Figure 4 ) appears with a table of NGES sites that satisfy the search criteria. The user can select the site of interest by either clicking on the particular row or by using the data navigator (depicted by arrows). The detailed data can be browsed by selecting appropriate buttons.
The SITE DETAILS button can be pressed to view the site description and the general soil profile information ( Figure 5 ). Once in this screen (Figure 5 ), the user can click on the 'Site Description' column to browse the detailed site description. In order to view further data, the user needs to go back to the screen shown on Figure 4 , and this can be achieved by clicking on the GO BACK button shown on Figure 5 . ABSTRACTS and NGES CONTACTS can be obtained by clicking the corresponding buttons on Figure 4 .
The BOREHOLE DATA button (Figure 4) can be clicked to view all the soil testing data available at this site. Upon doing this, a new screen ( Figure 6 ) appears with numerous options. A table of all the boreholes or test holes that are available at the selected NGES site is shown on this screen. The right side of the screen shows buttons indicating LAB DETAILS, PLOT OPTIONS, STRATIGRAPHY, and INSITU TESTS from where data can be accessed.
The user can select any borehole by either directly clicking on the borehole or by using the data navigator. If there is laboratory data available for this borehole test, the LAB DETAILS button becomes enabled. Similarly, the STRATIGRAPHY, PLOT OPTIONS and the INSITU DETAILS buttons become enabled if the respective data is available for the selected borehole. The user can view plots, total density, natural water content, and vertical effective stress collected from specific boreholes by clicking on the PLOT OPTIONS button. The stratigraphy as obtained from the selected borehole can be viewed by clicking on the STRATIGRAPHY button.
As an example for this paper, when borehole SPT.B3 was selected, the LAB DETAILS button became enabled. By clicking on the LAB DETAILS button, a new screen (Figure 7) appears showing a table representing the specimen information for the selected borehole, i.e., the specimens collected at different depths to perform various laboratory tests. For any specimen selected, the right hand side of the screen shows a table of laboratory tests conducted on the selected specimen and a LAB DATA button. For that specimen, the user can click on any of the listed laboratory tests and a corresponding test screen provides the detailed test data (Figure 8 ). All specimen can be browsed in this manner for detailed test data. All laboratory test screens are developed in a similar manner and can be browsed for test data.
By clicking on the GO BACK buttons, the user can return to the Borehole data screen ( Figure 6 ). In situ test details can be browsed in a similar manner depending on their availability for the selected borehole test. As an example, the CPTU.01 borehole is selected ( Figure 9 ) and the type of test (CPT) is indicated in the INSITU TESTS box. If there is more than one test available for the selected borehole, the user has to make a selection. In the example, the INSITU DETAILS button was clicked and a new screen (Figure 10 ) for the CPT test (for this example) shows up. It can be noted that the general test information is located in the upper tables and actual test data is located in the lower table. However, the actual test data cannot be browsed immediately because it may take a while to download all the data. The screen is designed this way so that the user can interact with the table as the data is being fetched. The user should click on the FETCH TEST DATA button at which time the query user interface application interacts with the database server and downloads the data real-time. A counter was designed to give the user an indication of the data download process along with a STOP button, which can be pressed at any time by the user to stop the data download.
Once the download is complete (even if it were stopped), the PLOT OPTIONS button next to the table gets enabled and the user can plot the data that is shown in the table. Upon clicking the PLOT OPTIONS button, a screen ( Figure 11 ) with plot options (data to be plotted on the x and y axes) for the selected data appears. The user can click one option on the left hand side to be plotted on the y-axis and can select one or more options on the right hand side to be plotted on the x-axis, as indicated on the screen. At this point, the user can click on the PLOT button to plot the selected options. By doing so, a plot screen (Figure 12 ) shows up which allows the user to interact with the plot at real-time. By clicking on the several check boxes, the plot can be custom-designed by the user. At this time, the user can go back to the previous screen ( Figure 11 ) and generate another plot in a similar manner. By clicking on the GO BACK buttons, the user can get back to the INSITU DETAILS (CPT) screen.
For the CPT test, and in particular for the piezocone test, a series of dissipation tests may have been conducted at various intervals along the cone profile. However, a user on the Internet may not know the test depths. The DISSIPATION DATA box next to the table is designed specifically to address this issue. When the SEARCH button in the box is clicked, only those records for which the dissipation tests were conducted show up in the table (Figure 13 ). For this particular case, no dissipation tests are available. However, in the event that the data is available, the user can click on the record of interest and click on the TEST DATA button in the box, which downloads the dissipation data into a different screen. The plotting of the dissipation data can be accomplished as previously described. It is also possible to have multiple graphs on the same plot, for example more than one set of data for the same borehole can be displayed on the same plot.
All the insitu tests screens are designed to follow similar logic. The screens are custom designed for each laboratory and in situ test.
The data in each of these screens can be downloaded to the user's computer by clicking on the DOWNLOAD button. Once this button is pressed, a 'Save' dialog box (Figure 14 ) comes up and the user can choose to save the data into a file. The data is saved as a comma separated value (.CSV) file, which can be opened using a spreadsheet application (MS Excel, etc.).
User Side Requirements
The user interfaces were developed in Java programming language, which is developed and distributed by Sun Microsystems. The interfaces use the so-called Java Foundation Classes (JFC) or Java Swing components, which are not yet supported by the current browsers. To circumvent this problem, Sun distributes a java virtual machine (JVM), which needs to be downloaded by the users to run the user interfaces on their desktops. The JVM is available at Sun's website and can be downloaded and installed on the user's computers at no charge.
In addition, the first time user needs to download a set of files and place them in an appropriate location on the hard drive, to speed up data access. When a new version of the query user interface is released, a new file will be made available on the FHWA's database website which again needs to be downloaded once to access the new changes.
CONCLUSION
Research quality data from geotechnical tests conducted at the designated National Geotechnical Experimentation Sites are currently available to the geotechnical engineering community in a comprehensive database. The database is designed in a relational format and is accessible over the Internet to any interested user at the following websites: http://www.unh.edu/nges and http://geocouncil.org/nges/nges.html. Figure A shows the introduction screen when opening the file Ngescpt.xls using Microsoft Excel Version 7.0 for the Cone Penetration Test. The user has the options to create a new data file, update an existing data file or simply exit the program. The first example provided is for the case where the user creates a new data file. Once the selection is made, the user is prompted with the menu shown in Figure B . Each spreadsheet template is set up with four columns: heading, test data, units and required information. Information having a checkmark in the required column must be entered for the user to be able to proceed with the actual data entry. To the left of the heading column are row numbers for the spreadsheet template. It can be seen that the numbers are increasing, but are not necessarily consecutive. The missing rows are hidden and only appear when the user makes choices regarding the type of equipment, information and the type of data being recorded. For instance, row 7, which is a required row, prompts the user with a drop down menu for the type of cone used in the CPT test. If the user chooses piezocone in the drop down list, the template will be updated to include information relevant to the piezocone test, as shown in Figure C . Since this cone penetration test is a piezocone test, row 13 is unhidden to request the number of filter elements. Figure D shows the user has selected 1 for the number of filter elements and also shows that some of the data has been entered in the appropriate rows. Based on the number of filter elements, information in rows 14-16, 23-29, and 33 are unhidden as shown in Figure E , with some of those rows now being required rows.
Once all general test information is entered, the user is then ready to actually enter the test data by clicking on the Test Profile button, which provides a screen, as shown in Figure F , requesting if the test profile is on file or has to be inputted manually. This essentially allows the user to enter data row by row or cut and paste from an existing data file. If the test profile is on file, it must be in the correct units with the proper format and have no header to be used for automatic entry into the spreadsheet template. Once the file is transferred to the template using the menu on Figure G , a new query menu prompts the user with an opportunity to add additional measurements which may not be part of the standard database spreadsheet template. For a Yes choice, as shown in Figure H , the user simply states the number of additional measurements. For each additional measurement, columns in the template will be opened with the proper heading and units as specified by the user as a response to a series of queries from the spreadsheet macro as shown in Figures I and J , respectively. Figure K shows part of the test profile data entered from a data file. To return to the main menu, the user must click on the Finished button in the upper left corner of the template. To save the data in the correct format, the user must click on the Save to ASCII File button, as shown in Figure L . Using the normal Excel Save procedure will save the data as well as the macro. Only the Save to ASCII File ensured compatibility with the NGES database. If all the required information is not entered, the spreadsheet will then prompt the user with an error message and show which columns still require information, as shown in Figure L and Figure M where it is shown that required row 23 was not completed. Once this information is entered, the user can again click on the Save to ASCII File button to save the information as shown in Figure N . Should the user have dissipation test data as part of the cone penetration test, a similar procedure could be used using the Dissipation Test button to enter the data.
A procedure is also in place to print a hard copy of the information. If the user chooses to print a hard copy of the input file, a menu prompts a selection of which portion of the file is to be printed. It should be noted that some of these tests have very large data files and it may not be necessary to actually print the test data. The user can choose to print the test information and/or test profile, and/or in this case also the dissipation test. 
